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SUMMARY

This report describes a serial study of auditory thresholds in
children 6 to 18 years of age. In addition, data have been obtained from
58 participants after the age of 18 years, and the analysis of these
data is included in the present report. Pure-tone air-conduction
auditory thresholds, and data relating to physical size, maturity,
tympanometry, otological inspections, otological, recreational, and
medical histories, and 24-hour dosimetry records of noise exposure
are obtained serially from a group of Southwestern Ohio children and
young adults.

The major aims of the study are to determine the variation among children
in patterns of change in pure-tone air conduction thresholds (AC thresholds)
with age and to analyze the relationships between these changes in
thresholds and environmental and biological factors. The present report
includes a description of the design of the study (a more complete account
is available in AMRL-TR-76-110 and AMRL-TR-79-102) and analyses of tne
data collected in the first five years of the study.

Satisfactory auditory threshold examinations have been obtained
since 26 January 1976, after initial difficulties with audiometric test
equipment. The data analyzed in this report were collected through
15 March 1980. The means of the recorded thresholds are near but
slightly below audiometric zero (ANSI-1969) for the lower tonal
frequencies, but are 2 to 3 dB higher at 4000 to 6000 Hz. The older
participants have lower mean thresholds at all frequencies than the
younger ones, and age is negatively and significantly correlated with
thresholds. Hearing ability appears to increase during adolescence,
but older children are also more able to perform the testing tasks.

A total examination effect across age of about 4 dB was detected in

the data, and it was correlated with age. All examination effects
were removed from the data before subsequent analyses. In general, the
mean and median thresholds are 2 to 6 dB lower than those recorded in
U.S. national surveys for children of the same age and sex. There are
indications some abnormal otological findings are associated with a
reduction in hearing ability and that lateral differences in thresholds
occur primarily in younger children.

Quantitative scores have been derived from 1478 interval noise exposure
histories which relate to noise exposure since the previous examination.
Questionnaire data indicate an increase in total noise exposure (all
sources combined) with age. This change with age is more pronounced
in boys. There is, however, little evidence that the interval noise
scores are reflective of children's daily noise exposure, as determined
by 24~hour dosimetry for selected children.

The associations between questionnaire noise scores or Legq(24) and
threshold levels are, in general, not significant, although some
trends are present. Twenty sound sources categories were determined
from activity diaries kept by participants wearing Metrosonics
dosimeters. The highest average levels of sound come from lawnmowers,
live music, riding a school bus, at recesses and assemblies at school;
each of these sound sources have an average Leq(24) 8reater than 80 dB.
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There is suggestive evidence that rate of maturation is associated
with auditory thresholds. Around puberty or menarche, more mature
girls have lower thresholds (better hearing). There is little
association between speech discrimination scores and auditory thresholds.
There is no evidence that blood pressure is significantly correlated
with auditory thresholds.

There are no previous studies of children dealing with auditory
thresholds, and possible environmental, biological and developmental
factors that could affect these thresholds. Yet such studies are
necessary to determine whether the changes in thresholds observed in
cross-sectional surveys are due to marked changes in a sub-sample
of children or changes in all children.

The information from the study in relation to the effects of
environmental noise on the hearing levels of children and youth will
be of great value to the Environmental Protection Agency and the USAF,
particularly when the serial data extend until these individuals become
adult menbers of the work force. Even the identification and
quantification of sources of noise exposure in children is important
in light of the complete lack of information in this area.

N

E! This study aims to determine the changes in auditory patterns

o with age during childhood and into young adulthood and to relate these
patterns to environmental and biological factors. The study is
appropriate in design and has a great potential to determine the
relationships between auditory thresholds, noise exposure and strictly
biological variables.
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INTRODUCTION

It is well-recognized that environmental noise can adversely affect
people of all ages, but children require special consideration. One
reason is the possibility that they are more susceptible to a loss of
hearing ability as a result of noise exposure than adults. Another
reason is that children, at various times, may be exposed to particular
types of noise that may not be recognized as possibly influencing their
hearing. The noise exposure of a pre-school child who lives near a
busy freeway or rides a bus to school each day are examples. It has been
suggested that noise has a wore marked effect on physiological functions
when the person exposed to the noise has no control over it and, therefore,
it is associated with more psychological stress (Glass and Singer, 1972;
Cohen et al., 1979). This is especially true for children. For example,
children do not determine their places of residence or the purchase of
noise products used around the house, e.g., power tools.

Furthermore, the effect of a marked hearing loss on the functioning
of a child may be more severe than for an adult due to the learning
disability to which it may lead. Good hearing abilities are necessary
for learning and communication, especially in childhood when hearing
and speech abilities and listening strategies are less well-developed
than in adulthood. Even if a loss of hearing ability did not lead to
learning disabilities, any permanent reduction in the hearing abilities
of a child can be considered more significant than a similar reduction
in an adult simply because the child can be expected to live longer.
Nevertheless, there have not been effective studies of hearing abilities
in children in relation to environmental factors.

The determination of serial auditory thresholds and speech
discrimination in the same children, and their analysis in relation to
other information, including noise exposure, health, and maturity, is
essential if proper and timely decisions are to be made with respect
to control of various environmental noise sources. Currently, most
analyses of environmental noise impact assume that occupational noise
exposure data from industrial situations can be applied directly to
estimate the effects of noise on children. The validity of this
assumption has not been demonstrated. From occupational noise exposure
data and laboratory studies, it is known that the auditory frequencies
from 3 kHz to 6 kHz are the most susceptible to typical environmental
noise. The maximum levels of exposure acceptable for adults are at
least tentatively established. There are no existing data on which
corresponding levels for 'children could be based.

Hearing abilities in children are probably positively correlated
with the same abilities during adulthood, although relevant data have
not been reported. A convincing demonstration of this assertion requires
the analysis of serial data for the same individuals; data at two points
in time yielding a single increment for each individual are unlikely
to provide a convincing answer. Increased knowledge and understanding
of the factors that influence hearing abilities during childhood, prior
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to any changes associated with occupational noise exposure, will allow
better understanding of the precursors and of the significance of changes
in hearing abilities due to occupational noise exposure. In turn, this
could lead to controls and safeguards for important sources of occupational
and non-occupational noise, e.g., lawnmowers.

Circumstantial evidence that children may be exposed to hazardous
levels of noilse, especially in the older teenage years, is provided by
data from the Health Examination Surveys conducted by the National Center
for Health Statistics (Glorig and Roberts, 1965; Roberts and Huber, 1970).
These cross-sectional surveys of large representative U.S. populations
show no practical sex difference in the distributions of hearing levels
at 4 kHz at age 11 years but, by the age of 18 to 24 years, there is a
definite worsening in the hearing levels of men while those of women
remain unchanged. This may be associated with greater noise exposure
in boys than girls after the age of 15 years, for which the present study
provides some evidence. This continues into adulthood so that distributions
of hearing levels at 3 kHz and 4 kHz in the 20-year-old men are approximately
the same as those for 40-year-old women. There is no corresponding effect
for thresholds at 1 kHz.

The cause of this sex difference in the hearing abilities of
older teenagers and young adults is unknown. Noise exposure may be
greater for teenage boys than for girls, as occurs in the present Study
population, but proof is lacking that this exposure is the responsible
factor. Other factors might account for all or part of the difference.
There could be sex-associated differences in susceptibility to noise, or
in the way in which normal hearing develops irrespective of noise exposure.
Furthermore, health-related factors could influence the distribution of
of hearing thresholds at the age of 18 years. This study was planned to
answer such questions and related questions concerning speech discrimination.
Clearly, as pointed out by Ciocco in 1936, if age and sex differences
appear during childhood, all studies of hearing ability should begin
during childhcood so that the etiology can be determined.

These cross-sectional Nationmal surveys provide excellent reference
data, but they cannot provide information about changes within individuals.
The sex differences in the National survey data require further documentationm,
the distribution of changes within individuals must be established, and
these changes must be related to possible environmental and biological
causal factors. Potential biological factors include previous illnesses,
otological status, body size and rate of maturation.

This Is the third comprehensive report from the present study. Considerable
steps have been taken to obtain the answers needed. To assist in answering
such questions, this report contains analyses of examination ("learning')

effects in the serial data. The estimated effects for individuals have been

used to adjust the recorded data to what would have been observed in a cross-
sectional study. This greatly improves the accuracy of our analyses of hearing
thresholds because the influence of a major intervening variable has been
removed. A major addition to this longitudinal study is the determination of
noise source exposure levels for children. Detailed dosimetry data are
presented. Furthermore, other findings are related to shifts in auditory
thresholds, otoscopy, tympanometry and speech discrimination. The data currently
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available, however, allow detailed analyses of variations among individuals in
susceptibility of hearing abilities to environmental factors such as

noise. The development of individual hearing threshold patterns, after
adjustment for examination effects, will be studied in the next phase

of this study. Since the commencement of the study, 51 of the participants
have passed the age of 18 years. These individuals are being recalled

for examinations at biannual intervals. At these examinations, data are
collected that correspond to those collected from the younger participants.
This aspect of the study, which concerns the relationships between
environmental and bicvlogical influences on hearing ability in childhood

and the corresponding relationships within and between individuals in

young adulthood will provide information that is not currently available.

This report provides a cross-sectional data base after adjustment
for examination effects. These auditory thresholds are related to noise
exposure, health histories, otological inspections, anthropometric
examinations, and assessments of maturity. The findings are compared
with those reported by others. These analyses show that when more data
become available during the continuation of the study, and when more
complex curve fitting techniques are applied to longer runs of serial
data, it is reasonable to expect significant contributions will be made
to understanding the development of hearing abilities in children and
the quantitative effects of environmental noise and other factors on
the hearing abilities and communication of children.
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BACKGROUND

HEARING ABILITY IN CHILDREN

Newhart (1940), using pure-tone audiometry, studied 6,344 children in
Minneapolis and found significant increases in thresholds in 5.4%. Ciocco
and Palmer (1941) studied 13,982 school children in Washington, D.C.
Unfortunately, most of the observations were made using a phonographic
audiometer to test the hearing ability of the children in groups of about
forty. There is ample evidence this procedure lacks specificity and
sensitivity, and that it is unreliable (Fowler and Fletcher, 1926, 1928;
Rodin, 1927, 1930; Laurer, 1928; Burnap, 1929; Freund, 1932; Rowe and
Drury, 1932; Partridge and MacLean, 1933; Rossell, 1933). Ciocco and
Palmer (1941) did, however, obtain air conduction thresholds for about
1400 of their group (700 with hearing losses and 700 with normal hearing
based on testing with the phonographic audiometer). Also, they retested
some children after intervals of 3 and 5 years and reported the prevalence
of audiograms within categories. Abnormal records were more common at
older ages, and more common in boys than girls for high frequencies.
Losses at high frequencies were common and often bilateral.

Jordan and Eagles (1963) studied 4078 school children who were broadly
representative of school children that age in the Pittsburgh area, except that non-
whites were somewhat over-represented. The median auditory thresholds, when adjusted to
ANSI-1969 standards, are all considerably above zero. There were only slight
differences in thresholds between whites and non-whites, and between boys and girls.
There was an increase in hearing sensitivity to about 12 years, after which the cross-
sectional data show a decrease in sensitivity. This change occurred about one year
earlier in girls than boys, indicating that the rate of maturation might be involved
directly or indirectly. Jordan and Eagles did not attempt to establish relationships
between auditory threshold levels and noise exposure.

Roberts and Humber (1970) reported U.S. population estimates for auditory
threshold levels in children aged 6 to 11 years. The data were obtained by individual
air conduction testing with pure-tone audiometers. 'The data were reported with
reference to the 1951 American Standard for Audiometric Zero; for the present
report, they have been adjusted to compensate for the differences between this
Standard and ANSI-1969. The median thresholds reported by Roberts and Huber (1970)
are very close to those of Jordan and Eagles (1963). In these cross-sectional
data, the auditory thresholds decrease with age, especially at lower frequencies
(Roberts and Huber, 1970). Also, other workers have reported increases in hearing
sensitivity from 3 to 15 years in cross-sectional data (Black, 1939; Reyment
and Rotman, 1946; Kennedy, 1957). These findings may reflect differences in levels
of attention or differences in ability to follow directions or differences in
the fit of the earphones rather than auditory sensitivity. Richardson et al.
(1977) however, report decreases in hearing ability from 7 to 16 years that may
have been due to recent changes in the levels of noise exposure experienced by
teenagers.

Roberts and Ahuja (1975) reported corresponding U.S. national estimates for
auditory thresholds in youths aged 12 to 17 years. Using the ANSI-1969 reference
values, substantially less than half the youths had thresholds below zero; only
at 1.0 and 2.0 kHz did about half the youths reach this level. The thresholds
increase with frequency; this increase is rapid in the 2 to 6 kHz range as progressively
older ages are considered. Also, Lipscomb (1972, 1972a) reported a dramatically
higher prevalence of high school and college students failing audiometric tests at
higher frequencies compared with sixth grade students. These higher frequencies are
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particularly important in speech perception (Kryter, 1963; Machrae and Birgden, 1973;
Suter, 1978). Berger and others (1977) reported that thresholds tended to be higher
in North Carolina boys than in girls and higher in rural than in urban groups. In
each of the latter groups, however, the means are higher than ANS1-1969 zero levels.

Glorig and Roberts (1965) reported population estimates for auditory thresholds -

in United States adults. Data from their youngest age group (18-24 years) will be
useful later for comparative purposes.

Carter and others (1978) reported descriptive statistics for auditory thresholds
in 386 children aged 10 to 12 years in Sydney, Australia, attending schools selected

as representative of quiet or noisy environments. They obtained pure-tone thresholds, -—g

and conducted impedance testing and otolaryngological examinations. The data were

used to establish reference values for children free of aural disease and risk factors.
In these data, the variance of auditory thresholds changes little with frequency and

is similar in each sex except for a greater variance at higher frequencies in the

left ears of boys.

Lenihan and co-workers (1971) reported data from 886 Scottish school children
aged 5, 9 or 14 years. They excluded those who were abnormal on an otoscopic examination.-
In each sex for all age groups, the thresholds were higher at 0.5 kHz than at higher
frequencies up to 0.4 kHz. The means decreased with age in the boys. 1In the girls
thresholds did not change from 5 to 9 years, but they decreased trom 9 to 14 years.

Most of these studies are based on somewhat unselected samples in regard to
otological normality. Few have restricted their analyses to children who match
the ISO-389 criteria: "An otologically normal subject is understood to be a person
in a normal state of health who is free from all signs or symptoms of ear disease
and from wax in the ear canal, and has no history of undue exposure to noise." While
restriction to such children is theoretically desirable, the resulting differences
would be unimportant clinically, except perhaps at 6 kHz, although these ditferences
would be relevant to studies that aim to standardize audiometric zero (Robinson
et al., 1979).

SEX-ASSOCIATED DIFFERENCES

Roberts and Huber (1970) did not find sex differences in median thresholds in
the 6-to 1ll-year age range. Median thresholds have been reported to be slightly
higher in boys than.girls at ages 5 to 14 years (Jordan and Eagles, 1963). Roberts and
Ahuja (1975) found that in youths aged 12 to 17 years, median thresholds are higher
for boys than girls although these differences, based on the better ear, are very
slight at 1 and 2 kHz. These sex-associated threshold differences increase with age at
the higher frequencies (4 and 6 kHz).Robinson et al. (1977) found no significant
sex differences in thresholds for large samples of English children examined at 7,
11 and 16 years except for significantly higher thresholds in boys than girls at
4 kHz when aged 16 years. Ciocco and Palmer (1941) reported hearing losses are
about 2.5 times more common in boys than girls at high frequencies. Because this
difference is present at each age, they considered factors associated with puberty
could not be responsible. In an earlier study of almost 1400 children, Ciocco (1936)
reported that the prevalence of high frequency hearing loss was 5 times as great in
boys as in girls. Cozad and others (1974) reported a survey of 18,600 Kansas children
aged 6 to 18 years. Hearing loss was more common in boys than girls at all ages;
the prevalence of hearing loss increased with age only in the boys. HMost
of the hearing losses accurred at higher frequencies. Others have reported similar
findings indicating that hearing losses are more common in boys than girls (Kodman
et al., 1957 ; Crum, 1968; Lipscomb, 1972; Sheridan, 1972).
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LATERAL DIFFERENCES

There is considerable evidence that there is a lack of systematic lateral
ditferences in hearing sensitivity in children (Ciocco and Palmer, 1941; Kodman
et al., 1957; Jordan and Eagles, 1963; Lenihan et al., 1971; Cozad et al., 1974;
Robinson et al., 1979; Carter et al., 1978). Glorig and his co-workers (1957)
reported, however, that right ear thresholds were lower than left ear thresholds
at most frequencies in boys although the reverse occurred in girls at higher
frequencies. Conversely Kodman and Sperazzo (1959), in a study of 1000 children
with significant hearing loss, found losses were more common in the left than the
right ear in each sex.

Roberts and Huber (1970) found no tendency for hearing sensitivity to be better
on a particular side in children aged 6 to 11 years,but the magnitude of lateral
differences increased with the frequency of the test tone. The lateral differences in
youths aged 12 to 17 years also increase at higher frequencies (Roberts and Ahuja,
1975). The differences are larger than those found in younger United States children,
aged 6 to 11 years. Furthermore, in those aged 12 to 17 years aud in
adults, the right ear thresholds tend to be lower than those for the left ear
(Glorig and Roberts, 1965; Roberts and Huber, 1970; Roberts and Ahuja, 1975).

LEARNING EFFECTS

Soon after the introduction of pure-tone audiometry, it became apparent that
"learning" played a role in these tests. Peterson (1944) reported that when those
who failed the test were re-screened, almost half passed the second test, leading the
American Public Health Association (1956) to ascribe failure on the first test to
immaturity, excitement, lack of concentration or experience, misunderstanding of
directions or hearing loss. Experimental studies of learning effects in relation to

audiometric testing have been reported by Zwislocki (1958). During 6 tests at one-week
intervals, an examination effect was noted until the third test after which, in agreement

with Ward (1957), there was little change. Zwislocki presents some sparse data
indicating the examination effect is greater in those with high initial thresholds;
this would lead to an expectation that the variance of thresholds would tend to
decrease with examination order. He considers the effett may occur because the
subjects develop new detection clues. In these experiments, he noted some fatigue

as evidenced by increases in thresholds during long experimental sessions. In the
absence of reinforcement, the cumulative examination effect was about 6 dB during the
6 weekly sessions.

Learning effects in adults, during a test session with repeat tests,
are about 1 dB and tend to be greater at lower frequencies (Robinson et al., 1979).
Royster et al. (1980), using data from 7 annual examinations in adults, estimated
that the total examination effect, on thresholds, was 4 to 8 dB.

DEMOGRAPHIC CHARACTERISTICS

Preschool children from lower socioeconomic groups make more errors in auditory
discrimination tests than more privileged children, even after the effects of
chronological age and intelligence quotient are partialled out (Clark and Richards,
1966). The possible effects of factors such as illness, nutrition, motivation, were
not taken into account. Roberts and Ahuja (1975) found no consistent pattern of
differences in auditory thresholds dependent upon size of place of residence or when
comparisons were made between urban and rural groups. The thresholds tend to be higher

in low income groups and in groups with low levels of parental education. In the sample

studied by Carter and his associates (1978), however, socioeconomic status and the
mothers' country of origin had little association with auditory thresholds. The range
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of socioeconomic status in the latter group may have been less than that in those
studied by Roberts and Ahuja (1975).

TYMPANOGRAPHIC AND OTOLOGICAL ASSOCIATTONS

The tympanogram (impediance measurements) is used in conjunction with otoscopy
as a clinical tool to screen children with middle ear pathologies (Shurin et al.,
1977; Liden and Renvall, 1980; Lindholdt et al., 1980; Norther, 1980). Middle ear
pressures of > -150 mm Hp0 are associated with elevations of AC (air conduction)
thresholds of greater than 20 dB in some children (Lindholdt et al., 1980),
and similarly the absence of an acoustic reflex is associated with a hearing loss
(Katz, 1978). Each 50 mm of H20 decrease in middle ear pressure is associated
with a change in AC thresholds of about 5 dB at low frequencies, and a change of
about 2 to 3 dB at higher frequencies (Brooks, 1979). In normal children, the
associations between middle ear pressures and AC thresholds have not been analyzed
serially, and the relationships between the acoustic reflex and changes in AC
thresholds are unknown.

There is a high degreec of agreement between the findings from tympanography
and from otoscopy in normal subjects (Paradise et al., 1976; Roeser et al., 1977;
Northern, 1980). Tympanography is a sensitive test for middle ear effusion
being positive in 87 to 997 of true cases (Brooks, 1979), but otoscopy is less
effective because of its high subjectivity (Northern, 1980). However, otoscopy in
combination with tympanography is an effective method of identifying
those children with middle ear problems.

Roberts and Federico (1972) reported data concerning the prevalence of ear,
nose and throat abnormalities and their relationship to hearing threshold levels
and medical events. The data were obtained from a U.S. national probability sample
of 7119 children, aged 6 to 11 years. The data were weighted to obtain national
estimates. The prevalence of abnormalities was obtained by averaging the prevalence
for the two sides. The external auditory meatus was completely occluded in 7.2
percent, the drum was invisible in 10 percent, dull in 5.7 percent, bulging in
0.3 percent, red in 1.2 percent and perforated in 0.4 percent of ears. These
authors reported higher thresholds in children with a history of earache (difference
from normal about 1.5 dB), in those with perforated drums (difference about 2 dB),
in those with running ears (difference about 1.5 dB) aud in those with abnormal or
red drums (difference about 3 dB).

Ciocco and Palmer (1941) reported that serial changes in AC thre§holds, at
medium frequencies only, are related to the later state of the tympanic membrane
rather than the earlier state as determined by otoscopy. In addition, Roberts and
Federico (1972), reporting national estimations for U.S. childr?n aged 6 to 11 years,
found higher AC thresholds in children with perforated drums (dlfferegce about 2 dB),
and with discharge from the ears (difference about 3 dB). Others, (Ciocco and Palmer,
1941; Jordan and Eagles, 1961, 1963; Eagles et al., 1967; Carter et al., 1978)
have reported that, when the tympanic membrane is abnormal, AC thresholds tend
to be higher by 2 or 3 dB and, if it is perforated, the thresholds are [from 12
to 15 dB higher.
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& Carter and others (1978) reported sipgnificantly higher thresholds, and

increased variances of thresholds in those with abnormal ears or at risk because

of their medical history. The effect of removing such children from a sample on

the observed distributions of auditory thresholds was shown in a review by Robinson

and Sutton (1978). Clearly, the effect of such removal is dependent on the loss ot

' hearing ability in affected children and the prevalence of such children. Robinson

'?" et al. (1979), in a small group tested before and after wax was removed from

- the external auditory meatus, found a mean difference in thresholds of about 3 dB.

3 These differences were larger at the lower frequencies and may be confounded by

" an "examination" effect associated with the repeating testing. These workers

3 found only negligible differences in thresholds between those with wax in the

meatus, although some were completely occluded, and the normal group. This is

k!u not in agreement with the findings of Saltzman (1949). Robinson et al. (1979)
postulate that this wax has little effect on thresholds unless it is hard and

impacted. In fact, in their data, soft wax was associated with slightly lower

thresholds (1.5 dB) at 2 and 3 kiHz which are the frequencies associated with

1 external and middle ear resonance.

CARtIin SN SO amn e ot

;‘ SERIAL FINDINGS

Ciocco and Palmer (1941) reported data for school children re-examined for
pure-tone air conduction thresholds after intervals of 3.5 (N = 543) and 5 years
1 (N = 552). About half of each group had been selected as having a probable hearing
L. loss, and about half as being normal after group testing with a phonographic
audiometer. There were marked differences between pairs of records; for example,
90 percent of the pairs separated by 3.5 years differed by 5 dB or more with both
increases and decreases. ‘The changes tended to be greater at high frequencies
and similar in each ear. Eagles and others (1967) found a marked tendency for
serial thresholds to decrease. Wishik and others (1958) reported serial data
for children whose pure-tone thresholds were measured at the age of 5 to 6 years
and again about 6 years later. Among those who passed at the first examination,
about 1 percent failed the second examination; whereas among those who failed
the first examination, about 30 percent passed the second examination. Peckham
and Sheridan (1976) reported a follow-up study of 46 children with severe
unilateral hearing loss at the age of 7 years; when re-examined 4 years later,
half had recovered. None of these studies took effective account of examination
ef fects, measurement error, and age effects.

There is a need for serial data relevant to the damaged ear theory (Ward,
1976). According to this theory, ears with hearing loss are more likely than
normal ears to show further loss on exposure to noise; there is some doubt about
the truth of the theory,but it appears that ears with temporary threshold shifts

may be more susceptible to permanent changes.

NOISE EXPOSURE AND HEARINC ABILITY

Throughout this report the words "noise'" and "sound" are used interchangeably.
i L J The sources of noise and the levels to which children are exposed have not been
thoroughly investigated; this is one goal of the current study. Children may
require special consideration in regard to environmental noise. They may be more
susceptible to a loss of hearing ability as a result of noise exposure than adults
and may be exposed to types of noise that may not be recognized as possibly
influencing hearing.
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To avoid hearing loss from environmental noise, the Environmental Protection

Agency (EPA) has published guildlines for maximum noise levels "requisite to protect
the public health and welfare'" (EPA, 1974). The EPA recommends that the daily average

24-hour log equivalent sound level lLeq(24)] over a period of a year, be less than
70 dB. The EPA estimated that many children regularly experience noise levels in
excess of this "safe'" exposure level (Von Gierke, 1974). Although this 70 dB
exposure level is said to contain an "adequate margin of Safety," some children

are receiving excessive noise exposure (Roche et al., 1980; Siervogel et al., 1981).

Therefore, it is important for individual as well as public health reasons to
measure accurately the level of noise to which children are exposed.

The EPA has estimated that the typical average daily noise exposure [Leq(24)]
for "school children" is about 77 dB in both urban and suburban locations (EPA,
1974; Von Gierke, 1975). These estimates were based on assumptions including
established EPA average day and night urban and suburban noise levels, and levels
for various activities based on previous EPA reports on appliance, transportation,
and aircraft noise. There are very few reports of the actual noise exposure of
children. Schori and McGatha (1978a, 1978b) reported dosimetry data for 50
individuals aged 5 to 54 years. The average Leq(24) was 73.3 dB; sex differences
were not observed and age trends were not examined. In that study, participants
wore Loomis or Bruel and Kjaer dosimeters 24 hours per day for seven consecutive
days while they went about their normal activities. One category of ten children
aged 5 to 16 years (X = 12.4 years) included in this study had a mean Leq(24)
of 76.2 dB, which was the highest mean Leq(24) of any category, although it was
not significantly different from the others. Other categories (all adults) were
"factory/commercial', "office', "homemaker", and "college'". Little variation
occurred in daily Leq(24) values within participants, indicating that a single
daily sample was representative of the individual noise exposure for a week.

While one should use caution in extrapolating from these findings, it is considered

that a one day 24-hour sampling of noise is fairly representative of typical noise
exposure for an individual.

It is not clear whether noise is more likely to cause temporary threshold
shifts in children than in adults (Mills, 1975: Saunders and Bock, 1978).
Consequently, the report of Task Group 3 (1973) and the Environmental Protection
Agency Levels Document (1974) do not distinguish between children and adults in
regard to permissible noise exposure. Some experimental data indicate a greater
sensitivity to noise in children than in adults, but these are unconvincing

because the thresholds were recorded too soon after the stimulus or under conditions

that differed between tests (Hirsch and Bilger, 1955; Harris, 1967; Fior, 1972).
Others have suggested that the ears of the young are less susceptible than those

of adults to noise-induced hearipg loss, but they recover more slowly (Ward et al.,

1958; Wagemann, 1967; Hétu et al., 1977). However, higher level noise exposures
have been shown to cause more histological damage and more loss of hearing acuity
in young than in adult animals, and these losses do not recover more quickly
(Jauhiainen et al., 1972; Price, 1972; Dallos, 1973; Falk et al., 1974; Coleman,
1976; Price, 1976; Saunders and Hirsch, 1976; Bock and Saunders, 1977; Dodson

et al., 1978; Lenoir and Pujol, 1980). This difference in susceptibility to
noise effects might be closely related to age. In guinea pigs, there is a
vulnerable period at about 8 days of age when auditory damage due to noise is
more likely than at younger or older ages (Falk et al., 1974).
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Temporary threshold shifts in children and adolescents have been reported

after exposure to the noise assoclated with toy cap guns (Marshall and Brandt, 1974),

model airplanes (Bess and Powell, 1972), snowmobiles (Bess and Poynor, 1972) and
rock and roll music (Rintelmann et al., 1971; Ulrich and Pinheiro, 1974; Hanson
and Fearn, 1975). Hanson (1975) in a study of young adults (age range 18 to 24
years) found statistically significant losses in hearing ability among those who
admitted frequent attendance at pop music entertainment. The losses are larger

at 2 and 4 kHz than at other frequencies. It has been suggested permanent changes
in thresholds due to noise are noted first in boys aged 16 to 18 years and that
firearms and farm machinery are the common contributing noise sources (Weber

et al., 1967; Litke, 1971). There also may be a relationship between age and the
sensitivity of hearing ability to noise among adults (Kup, 1966; Nowak and Dahl,

1971, 1971a).

Crum (1968), in a study of 100 children aged 13 to 16 years, found a marked
association between noise exposure, expecially to loud music, and a loss of hearing
ability. Such losses were more common in boys. A lack of a close association
between noise exposure and hearing ability was reported by Carter and his associates
(1975, 1976, 1978) who found no evidence that the general level of environmental
noise affects hearing ability in children or young adults. However, Lukas and
Swing (1978) reported that reductions in hearing ability were more common in
schools with noisy external environments.

Children, like adults, also receive noise exposure as a result of the
environment in which they live. For example, Cohen and others (1973) found high
negative correlations between outside noise levels and floor level of the apartment
in which children live. Significant positive correlations existed between floor
level and scores on subsets of intelligence tests for those children living in
the apartment 4 years or longer. The authors concluded the duration of residence
in the apartment, and therefore, the duration of the noise was related to the
impairment of auditory discrimination, and that this led to learning handicaps.
This conclusion may be correct, but there were no data on whether the children
differed in hearing ability before they came to live in the apartment. Furthermore,
it is unreasonable to assume that the total noise exposure of the children occurred
within the apartment building.

Children from noisy primary schools lag in the acquisition of reading and
other skills compared with children in quiet schools. This retardation is more
marked in backward students (Crook and Langdon, 1974; Bronzaft and McCarthy, 1975;
Grosjean, Lodi and Rabinowitz, 1976) and could lead to life-long deficits. Deutsch
(1964) hypothesized that a child reared in a noisy environment would become
inattentive to acoustic cues and have a deficit in auditory discrimination. In
the presence of noise, young children do more poorly on speech discrimination
tests than older children which may reflect differences in noise susceptibility
or maturation (Humes, 1978). It has been reported also that children from homes
with high noise levels have slower responses on visual search tests and are less
distractible (Heft, 1979). It has been claimed that physiological and psychological
stress effects from noise are more likely in children than adults because children
have less control over the noise to which they are exposed (Glass et al., 1969;
Cohen et al., 1979, 1980). There is no clear distinction between children and
adults in this regard. Certainly, the children in the present study controlled
most of the noise to which they were exposed.
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NOISE EXPOSURE AND BLOOD PRESSURE

There is a considerable literature concerning possible associations between
noise exposure and blood pressure; much of this literature concerns occupational
groups. In almost all these studies, it is difficult to separate the possible
effects of noise from those that may be due to other sources of stress. There are -
few, if any, convincing studies of children although it has been reported that
blood pressures tend to be higher in children attending schools near streets with
a heavy traffic flow than in children whose schools are on quiet streets (Karsdorf
and Klappach, 1968. Similarly, children in schools exposed to high levels of
noise from aircraft have higher blood pressures than children in quiet schools
(Cohen et al., 1980). 1In this study, the difference was most marked after
the children had been in the noisy schools about 2 years; the decrease ir the
effect with longer attendance at these schools indicates a possible adaptation.

Clearly, noise can affect cardiovascular variables. Studies in rats have N
demonstrated, for example, thate plasma renin activity can be increased substantially :u-.é
by broadband noise (white noise) at an intensity of 115 dB in animals eating normal Y
diets and at lower intensities (90 to 100 dB) in those on a low sodium diet (Vander, 1977) Lo
Numerous studies have demonstrated that peripheral vascular tone and blood pressure .
can be influenced by sound in rats, monkeys and man (Borg, 1978; Peterson et al.,
1980, 1981; Andren et al., 1978, 1980). While short-term cardiovascular changes R
have been demonstrated clearly, long-term changes due to noise exposure have not . -,_;..J
been established unequivocally. For example, Borg and Moller (1978) found no L
difference in levels of blood pressure between non-noise exposure control rats and '
either hypertensive or normotensive rats with lifelong exposure to noise.

]
R
There is a-similar controversy regarding the relationship between noise and . b
blood pressure in human beings. It has been reported that women textile workers exposed R
to considerable noise have higher blood pressures than control groups (Andriukin,
1961; Andrukovich, 1965; Chemin, Bramerie, and Chemin, 1970). Systolic and diastolic
blood pressure are significantly higher in industrial workers with a noise-induced
hearing loss than in age-matched co-workers with normal hearing (Jonsson and Hansson - 3
1977; Manninen and Aro, 1979). This implies that the high-noise environment o
producing the hearing loss may have contributed to the elevated blood pressure. S
Takala et al.(1977) found no such difference in a similar study involving meu aged,
on the average, about 10 years younger than those studied by Jonsson and Hansson
(1977). Likewise, Hedstrand et al. (1977), Lees and Roberts (1979), and Cohen
et al. (1980) found no difference in blood pressure between industrial workers with o
noise-induced hearing loss and age-matched co-workers with normal hearing. A ®
lack of association between noise-induced hearing loss and blood pressure has been Ty
reported in many earlier studies as well (Bunch, 1929; Bunch and Raiford, 1931; ]
Miller and Ort, 1965; Cartwright and Thompson, 1975; Drettner et al., 1975). 1In R
an extensive study of older Egyptian aduits, essential hypertension was associated )
with a loss of hearing acuity (Fakhre et al., 1976). A concordant finding has been
reported for U.S. air traffic controllers,but possible effects of age were not

removed in the latter study (Rose, 1978). It is not clear whether a corresponding -
association occurs in children.

In experimental situations, an increase of diastolic pressure, but not systolic
pressure, with noise exposure has been reported in man (Ponomarenko, 1966a, b;
Mosskov and Ettema, 1977a, b). In similar studies, others have reported noise-
associated decreases in both systolic and diastolic pressure (Terent'ev et al., 1969.
1969). Cartwright and Thompson (1975) found no significant changes in blood

!
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pressure in adults exposed to 91 dB broadband noise but Argnclles at al. (1970) S A
found an increase in both systolic and diastolic pressure on exposure to 2 kHz
) at 90 dB. When such effects are noted, they are usually ascribed to peripheral
b vasoconstriction (Glass and Singer, 1972).

Fr1 Krasilschikcv (1967) reported industrial workers exposed to loud noise had T e

o decreases in blood pressure and pulse rate towards the end of the shift; if ear o

protectors were worn, these effects were not observed. Several have shown the

association between noise exposure and higher blood pressure is closer for inter-

o mittent noise than for continuous noise (Shatalov et al., 1962; Pokrovskii, 1966;

c Maksimova et al., 1974; Tavtin, 1976; Kanevskaya et al., 1977) and that the association B
’ is more marked in young than in older workers (Shatalov et al., 1962; Shatalov, e X

1965; Pokrovskii, 1966; Meinhart and Renker, 1970; Maksimova et al., 1974; Kachny,

1977; Manninen and Aro, 1979). It has been reported that young factory workers

tend to have decreases in blood pressure during the working day (Pokrovskii, 1966;

Meinhart and Renker, 1970; Maksimova et al., 1974; Kachny, 1977), but this effect

tends to reverse with increasing job experience (Kachny, 1977). These diurnal .

changes may be due to fatigue or other factors rather than noise. e

TV

Y VIR

Reports concerning the effects of vibration are relevant to possible associations )
between noise exposure and blood pressure. There is disagreement among the few o]
relevant reports. Fentem and Shakir (1977) reported a lack of real changes in blood :
pressure when large vibrating pads were worn. Others have reported increases in ' J
blood pressure with whole body vibration (Hood and Higgins, 1965) and that vaso- N
constriction occurs when adolescents are exposed to noise in combination with ’ 1
vibration (Tsysari, 1967).

Arny noise-blood vressure relationship may result from psychological stress , :
induced by noise. Von Gierke (personal communication) has indicated that, in a -u;
large scale study of U.S. Air Force personnel, individuals in high noise environments .
did not have higher levels of blood pressure than those in low noise environments.
It has been postulated that loud noises are not stressful to the individual, if
they are under his/her control, e.g., a jet pilot might not be stressed by the jet
engine noise during a flight.

In summary, while there are numerous reports in the literature dealing with o
possible noise-blood pressure associations, studies on children are rare. The data R
available about such associations, even for adults, are not definitiv. although ‘ {
some trends have been observed. Therefore, it is important for individual, as 1
well as public, health reasons to measure accurately the level of noise to which :
children are exposed and to determine if it is associated with their blood ) i
pressure levels. As pointed out by Rylander (1979), previous studies of human ®
beings relating to noise exposure and blood pressure have design problems related 1
to self-selection and in regard to how the experimental reaction, chronically :
elevated blood pressure, is recorded. 1

A review of other non-auditory effects of nofse on children will not be 1

attempted. However, it is appropriate to point out that intuitively there is little

doubt that hearing abilities are important in relation to language acquisition and

scholastic performance during childhood. However, recent careful critical reviews

of the literature have concluded that, while the above assumption appears true,

the reported studies do not meet appropriate standards of rigor (Rapin, 1979; .J

Naremore, 1979). Nevertheless, there is little doubt that noise in the home is : 1
3
4
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associated with reduced attentional skills (Heft, 1979). There is evidence that
noise has slight but real effects on growth (Schell, 1980) perhaps through its

effects on the pituitary-adrenal mechanisms (Sackler et al., 1959: Arquelles et al.,
1962).

IRIS PIGMENTATION

Associations have been reported between hearing ability and iris pigmentation
judged from eye color. Albinos tend to have less sensitive hearing (Turaine, 1955),
and associations between these variables have been described in those with lateral
differences in pigmentation and in some syndromes (Przibam, 1908; Fisch, 1959;
Bonaccorsi, 1965). Such observations lead to animal experiments showing a relationship
between hearing deficits due to industrial noise and the amount of melanin in
the stria vascularis of the cochlea (Bonaccorsi and Galioto, 1965); in turn, the
amount of melanin in the stria vascularis is correlated with the amount in the
iris (Bonaccorsi, 1965). Others have reported that hearing loss in industrial
populations is associated with iris pigmentation (Carlin and McCroskey, 1980;
Carter, 1980; Ward, 1980).

Experimental findings in man are conflicting partly because of methodological
differences. Tota and Bocci (1967) reported the size and duration of temporary
threshold shifts after exposure to a continuous tone (1 kHz at 110 dB SPL) is
related to iris pigmentation. These findings were not confirmed by Karlovich
(1975) who used the same noise exposure but a pulsed tone at 1.414 kHz; this choice
maximizes the possibility of demonstrating fatigue but excludes the possibility
of showing adaptation (Thwing, 1955).

RELIABILITY

Howell and Hartley (1972), in testing young adults, reported a mean interobserver
difference of 5 dB with differences up to 21.2 dB. There was a significant sSys-
tematic difference between the two observers. Jordan and Eagles (1963) reported
mean interobserver differences of 1.3 to 8.8 dB with the larger differences tending
to occur at lower frequencies. The audiometers used were graduated in 5 dB steps.

SPEECH DISCRIMINATION

There is little doubt speech discrimination under everydav conditions of noise
exposure is adversely affected by reductions in hearing ability. The relationships
among speech discrimination scores, auditory thresholds and noise exposure are
particularly important during childhood because of their relevance to education.
Some individuals with mild levels of hearing loss may have a small but potentially
important reduction in speech discrimination scores. For example, children
are not able to fill in missed auditory cues masked by noise. Adults use their
knowledge of language to compensate for missed auditory information; whereas

children may not have a sufficiently sophisticated knowledge of language to
fill in missing words.

Various methods and word lists are used to test the adequacy of speech
discrimination. However, any such test covers only a small part of everyday speech
materials and speech conditions. Such tests are designed to be homogeneous with

respect to intelligibility, hopefully providing a consistent measure of threshold
intelligibility (Quiggle et al., 1957).
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Fletcher (1929) was one of the first to detect an assoclation betwecn the
ability to discriminate words and air conduction thresholds. He found that ihese
thresholds at 2 and 3 kHz are correlated highly with speech discrimination scores,
as is the difference between the AC thresholds at 0.5 and 2 kHz. In addition, the
threshold at 2 kHz is closely associated with speech discrimination scores (Yoshioka
and Thornton, 1980). Such data are, however, ear and speech perception level dependent.
Speech discrimination scores are related more closely to AC thresholds in the better
ear than to those in the worse ear (Macrae and Brigdon, 1973). Also normal speech
discrimination scores of 86 to 100%Z may occur as long as AC thresholds remain below
an average of 40 dB at 0.5, 1 and 2 kHz (Yoshioka and Thornton, 1980; Jerger and Jordanm,
1980; Thompson and Hoel, 1962). However, high frequency hearing loss causes difficulty
in speech in a noisy environment (Quist-Hanssen et al., 1979).

The effects of the use of a noisy background on performance in speech
discrimination tests is uuclear. Surr and Schwartz (1980) report that a competitive
noise stimulus, at +12, +6 and OdB signal to noise ratios had little effect on
the scores of participants with high frequency hearing loss using the California
Consonant Test (Owens and Schubert, 1977). However, Hutcherson and co-workers
(1979) report that signal-to-noise ratios affect speech in noise scores if speech
discrimination tests are administered at levels near the thresholds for speech
(Kalikow et al., 1977).

One major drawback of current research in speech discrimination has been the
use of small samples, the absence of serial investigations, the limited number of
studies conducted with children, and the variety of speech discrimination tests.
Also, the relationship of speech discrimination to noise exposure and middle ear
compliance have not been studied in children.

SUMMAT ION
The literature relating to hearing ability in children indicates that:

-- hearing sensitivity tends to increase until 12 years; later there is a
loss in sensitivity, particularly in boys, that is marked in some studies of older
teen-age groups,

-- sex differences in thresholds are slight to 12 years but marked hearing loss
is more common in boys,

-~ lateral differences tend to increase with age; hearing sensitivity tends to
be poorer in the left ear,

-- national U.S. data indicate auditory thresholds tend to be higher in lower
socioeconomic groups; no such tendency is present in data from Australia,

-- auditory thresholds are 2 to 3 dB higher in those with abnormal findings at
otoscopic examinations,

-- data relating auditory thresholds to noise exposure are sparse, but there is

evidence temporary shifts occur and exposure to certain sources, e.g., firearms
may be hazardous. 1t has been reported these are less marked in younger children
but recovery from them is slower.
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~- there is evidence to support the hypothesis that exposure to continuous K
loud noise is associated with increased blood pressure in industrial workers. '
Corresponding data for children have not been reported,

-- little is known of the amounts of noise to which children are exposed or
the major scorces of this noise,

i

1

9

-- serial findings are scarce. Apparently, rapid changes in hearing sensitivity ]
with age are common, particularly at higher frequencies. Threshold changes are -.*.ri
related to the later but not the earlier state of the tympanic membrane. 1
9

Because so many of the above statements are tentative, it is essential that
hearing ability be studied serially in children in relation to factors likely to be
associated with hearing ability, particularly environmental noise. There are no

satisfactory studies of hearing ability as a function of age in children. The factors - gy
responsible for the development of a sex difference in these levels after 12 years
are unknown: it is not even clear whether these factors are biological or enviranmental.
Finally, hazardous noise criteria have not been separately developed for children.
Thus it is not known to what level of noise children can be subjected without
experiencing increases in hearing thresholds or a loss of ability to discriminate
speech. These questions will remain unanswered until a serial study is based - gy
on appropriate data collected over a sufficient time span. The present study
was planned with this in mind. This report describes the design of the study
briefly and provides analyses of some data from the first five years. A start
has been made, but longer scrial records are needed before fully effective
longitudinal analyses will be possible. _
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SAMPLE AND METHODS

SAMPLE

The total study sample of 270 children, all of whom have English as their
primary language, includes two distinct groups each approximately equally divided
by sex. The larger group of 223 children includes only participants in The Fels
Longitudinal Study who were between 6 and 18 years at their first audiometric
examination. At the start of this study in 1975, it was assumed that auditory
thresholds within individual children might change markedly during pubescence or
early adolescence; therefore, in order to increase the sample size at these ages, a
group of middle school students was enrolled from the Yellow Springs school district.
All these 47 children were aged 12.5 to 13.5 years at the start of this study
in 1975, and all of these students have now graduated from high school. Of the
total of 270 participants, 263 remain active; one participant died, three moved
out of state, one could not be tested reliably and vas dropped from the study, and
two have refused further cooperation.

Participants in the Fels Longitudinal Study tive in Southwestern Ohio and were
born between 1957 and 1973. They were enrolled before birth at the rate of about 15
per year. Their homes are within 30 miles of Yellow Springs, about 35 percent
living in cities of medium size (populations 30,000 to 60,000), about half in small
towns (populations 500 to 5000) and the remainder on farms. The educational and
occupational patterns of these three groups do not follow the usual urban-rural
differences. About 15 percent of the fathers are professionals or major executives,
35 percent are businessmen, 35 percent are tradesmen or white collar workers and the
remaining 15 percent are skilled or semi-sk.lled laborers. About 60 percent of the
parents attended a year or more of college, and about 60 percent of them were born
in Ohio. 1In general, they are of middle socioceconomic level. The middle school
children are reasonably representative of the Yellow Springs community; in general
they are of middle socioeconomic status. The children in each group are "normal"
in the sense that they were not selected because of the presence of any recognized
disease or disorder.

Children in The Fels Longitudinal Study were enrolled into the program prenatally.
Data were recorded serially, and continue to be recorded, at regularly scheduled
visits that are fixed in timing and are unrelated to the illness experience of the
participants. Examinations are scheduled at 1, 3, 6, 9, and 12 months and then
each 6 months to 18 years of age. Afterwards, participants make annual visits
until 24 years in boys and 22 years in girls. At each visit,radiographs of the
left knee are obtained (for the assessment of skeletal maturity), stature, weight,
and other anthropometric dimensions are taken and a detailed medical history is
obtained. Until mid-1975, a complete physical examination was made at each visit,
but this has been replaced by an interval medical history accompanied by the
measurement of blood pressure and pulse rate. Consequently, there is a very large
body of early and concurrent data about the growth, maturation and health for these
Fels participants that are relevant to auditory thresholds.

TESTING PROCEDURES

Otological and Tympanometric Inspection -- Immediately before a participant's

auditory threshold levels are assesyed, each tragus, meatus, and ear drum is
examined by a trained research assistant. The findings are recorded om the "Auditory
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Threshold Level Recording Form."* Following the otological examination, the same
research assistant tests the middle ear compliance of each participant.

Thresholds -- At each six-month examination, audiometric thresholds are
determined for 1, 2, 4, 6, 1, and 0.5 kHz with the right ear being tested first.
Only the second 1 kHz value is used in the data analysis. All thresholds are
measured relative to ANSI-1969 audiometric zero. This testing is conducted by a
single observer, randomly assigned. Frequency specific thresholds are obtained by
increasing the sound intensity from a low value until the participant responds.
The attenuation of the signal is then progressively decreased by 10 dB increments
until the participant fails to respond. Then the signal is increased by 6 dB steps
with subsequent small decreases and increases so as to determine the threshold as
accurately as possible. This procedure is repeated at least three times for each
frequency for each ear.

The thresholds are recorded in 2 dB steps on the "Auditory Threshold Level
Recording Form'". Comments about the coptinuity and completeness of testing and the
nature of the responses by the participant are recorded both in general and for
each frequency.

Speech Discrimination in Noise =-- In October, 1975, a speech discrimination in
noise test was implemented for each participant. This test is administered following
the threshold testing in the audiometric booth. This test is given to the participant
through a separate set of monophonic headphones. The speech discrimination in
noise test uses the NU-6 word list with a 12-person babble as background at a 0.0
dB signal to noise ratio. In August 1980, a new speech discrimination in noise
tape replaced the original tape. This new tape also employed the NU-6 word list,
but it had a female voice rather than the male voice as ou the first tape. A
12-person babble was again usedas a background but at a +6 dB signal to noise ratio.
The NU-6 word list consists of 200 words divided inte 4 lists of 50 words each.

The words for each list are randomly selected so that all of the 4 lists are equal
in their testing ability (Katz, 1978). However, at their visit, each participant
was given list I, and at their second visit, list II, etc. When t&p second tape
was introduced in August 1980, each participant was again given 1iSt I at their
first visit and lists II, III, and IV at subsequent visits.

For both speech discrimination in noise tests, the speaker's voice was recorded
at the University of Maryland; the l2-person babble was recorded by Bolt, Beranek,
and Newman Inc.; and both tracks combined by the 6570th Aerospace Medical Research
Laboratory, Wright Patterson Air Force Base in Dayton, Ohio.

Questionnaires -- Apget of very detailed questionnaires has been developed to
ascertain the major sources of noise exposure for cach child. The data obtained
using these questiounnaivres allow analyses of the relationships between auditory

thresholds and environmental factors.

There are two very similar questionnaires:

(i) "The Biographical, Noise Exposure and Otological History" was administered
to each participant at the first audiometric examination (Appendix B). The data
obtained by means of this questionnaire concern: personal identification, family

structure and occupations, recreational activities, work activities, noise exposure

* A copy of this form is included as Appendix A in AMRL-TR-76-110; Roche et al.,
1977.
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history (guns, toys, hobbies, mechanical equipment, place of residence, TV, music)
and an otological history (family and personal information concerning hearing

loss, previous testing, infections, discharge, tinnitus). This noise exposure
history provides a quantitative noise exposure score for each individual for his/her
lifetime prior to the first examination.

(ii) The "Interval Audiometry Questionnaire’ (Appendix C) is very similar to
the otological history part of the preceding questionnaire, and is administered
at the second and subsequent audiometric examinations. It contains questions
relating to change of address, noise exposure, otological history, changes in
general health and the possible occurrence of menarche since the previous visit.
The figures written beside the coding squares on this questionnaire are the weightings
applied in the computation of the noise scores. The interval noise exposure
questionnaire provides a total noise exposure score for each individual for the
6-month interval prior to testing. In addition, the data provide an event score,
a chain saw score, and a gun score (Appendix D in AMRL-TR-76-110; Roche et al.,
1977). These scores are used to identify those individuals most likely to have
been injured by noise exposure. In September 1976, this questionnaire was extended
to include information relating to school buses, relationship of testing to
underwater weighing (being done in another study) and provide space for recording
the blood pressures and pulse rates of the "middle school participants"

Dosimetry -- Each participant is asked at each visit to wear a noise dosimeter
for the following 24-hour period. If the participant agrees, the dosimeter is
calibrated, a new battery installed and given to the participant along with a digital
watch, note pad and pencil. The participant is instructed to keep a diary of his
or her acitivities for the next 24 hours using the watch to record the time. The
day after the 24~hour period, the participant is visited by a research assistant.
Besides collecting the equipment, the research assistant attaches the Metrosonics
Metrologger to the Metrosonic Metroreader. The research assistant then reviews
the participant's 24-hour diary with a record of sound measurements per 3 minute
intervals throughout the day as provided by the Metroreader. 1If a record of a
high 3-minute level appears on the printout, the reasearch assistant checks the
participant's diary for a specific event at that time of day and may elicite more
information about the event from the participant. The :hildren from whom dosimetry
records were collected were self-selected from the total sample on the basis
of their willingness to wear a dosimeter, without regard to other factors such
as location of residence, previous noise exposure history, or hearing threshold
levels. The activities are coded according to the scheme in Appendix D.

EQUIPMENT

Some of the equipment being used is described in detail in an earlier report
(AMRL-TR-76-110; Roche et al., 1977). The present description, as it applies to
the original equipment, will be brief. An audiometric booth (Tracor RE142B)
provides a noise reduction of 44 to 69 dB at the tonal frequencies being tested. The
booth is in a very quiet part of the building. At the beginning of the study, there
were some problems with the test equipment. As a result, there are doubts about
the accuracy of auditory thresholds recorded before 26 January, 1976 and they have
not been analyzed. The other data (questionnaires, histories, otological inspection,
size, maturity), recorded since 12 August, 1975, were, of course, not influenced
by these equipment difficulties.
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Dosimetry data have been collected since 2 May, 1978. From 2 May, 1978 to
18 October, 1978, dosimeters from Loomis Laboratories (Model #3573), Bruel and
Kjaer (Model #4424), General Radio (Model #1954~9780) and Computer Engineering
(Model #139) were tried. The Loomis equipment was unreliable and difficult to
read and calibrate. The Bruel and Kjaer equipment had a limited dynamic range
and the preamplifier was heavy. We were unable to obtain satisfactory results

with the Computer Engineering equipment. Due to experience with the other dosimeters,

General Radio dosimeters were used exclusively from 18 October, 1978 to 29 March,

1979. At the latter date, the project was provided with two Metrosonics dosimeters.

Since 7 July, 1980, three Metrosonics dosimeters have been used exclusively to
collect noise exposure data from the participants.

Two Metrosonics dB 301 Metrologgers have noise exposure ranges of 60 to 123
dB, and the third has a range of 40 to 103 dB. These dosimeters have a dynamic
range of 64 dB at a resolution of 1 dB. Noise levels are sampled by a ceramic
microphone with a sensitivity of -40 dB with a figuring response that meets ANSI
S1 4-1971 Type 1I requirements. Metrologgers sample sound at four samples/second
+ 1% and compute and store an Leq for each three-minute period up to a maximum
of 480 periods (24 hours). Metrologgers require a dosimeter-reader, called a
Metroreader (Model dB 651, Metrosonics, Inc.), to recover the stored data. One

particular advantage of the Metrosonics dosimeter over the General Radio dosimeter

is that the Metrosonics is lighter and can be worn easily on a belt at the waist.
The microphone is attached near the participant's collar so as to sample noise

similar to that entering the participant's ears. The activitv diary, to be described,

includes information as to whether earphones or ear protectors were worn during
particular activities.

The dosimeters are calibrated before and after each use. The General Radio
1954-9780 Noise Exposure Meter is read and calibrated with the General Radio 1945
Indicator at 116.5 dB and 1 kHz. ‘The Metrosonics dB-301 Metrologgers (dosimeter)

are calibrated with either the General Radio Type 1562-A Sound-Level Calibrator at

114 db and 1 kHz, or the Quest Calibrator, Model CA-11 at 102 dB and 1 kHz.

A Grason-Stadler Model 1707 audiometer is used to test audiometric thresholds
at the test frequencies of 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, and 8 kHz between hearing

levels varying from -12 to +90 dB HL re ANST 1969. The accuracy of the hearing

level ranges from +3 to +5 dB depending upon the test frequency. Routine maintenance

checks of the audiometer are common and it was calibrated at the National Bureau
of Standards, Washington D. C. In addition, the audiometer was calibrated at the

Fels Research Institute 5 times during the present contract by a trained audiologist
from the 6570th Aerospace Medical Research Laboratory at Wright Patterson Air Force

Base, Dayton, Ohio; changes were not necessary.

The otological examination is conducted with a Welch ~Allyne otoscope, Model
2400 with a disposable speculum. The tympanogram is recorded on a Grason-Stadler
1722 Middle Ear Analyzer. The mobility of the middle ear system is measured in
millimhos (mmho) at an accuracy of +0.05 mmho at 20 to 30°C. The pressure change
ranges from -300 to +200 mmH,0 with an accuracy of +10 mm H0. A probe tone
frequency of .22 kHz + 3% is used at an intensity of 85 dB +0.5 dB for a 0.5 to
2.0 ml cavity. The acoustic reflex is measured with a 1 kHz + 3% stimulus at 102
+3 dB, with time multiplexing of 45 msec on, 45 msec off + 10% with 7.5 msec rise
and fall time + 10%, and tone presentation of two stimulus periods: 1 second on,
2 seconds off, 1 second on + 10%, 60 Hz.

OTHER PROCEDURAL ASPECTS
(1) The audiometric testing alone requires the participant to be in the
Institute for about 40 minutes. Because of the large amount of data obtained

from each participant, both for this study and for others, some additional visits
gpecifically for the audiometric study are necessary.
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:" (ii) Skeletal maturity assessments by the RWT method (Roche, Wainer and

- Thissen, 1975) to the nearest tenth of a year plus a standard error for each
assessment have been made for the left knee of children in the Fels Longitudinal
Study. These assessments have not been made for the Middle School participants.

(iii) The stature, weight and blood pressure of each participant have been
recorded. Stature is measured to the nearest mm at each examination using a
Harpenden stadiometer. Weight is measured to the nearest 0.5 kg using a standard
beam balance scale. Blood pressure, (systolic, 4th and 5th phase diastolic) is
measured with a mercury sphymomanometer mounted to a wall. Blood pressure is
measured with the participant seated using a cuff of appropriate size on the
left upper arm in mm Hg to the nearest even number.

(iv) Some children with chronic auditory problems have been identified and
referred to appropriate physicians. There are 9 such children; their data have not
been used in any analyses. In addition, pathological or other changes that could
affect the test results were present in other participants at 52 specific visits.
Due to abnormal tympanograms or complete blockage of a meatus by wax, the data for these
examinations have been excluded from analyses, even if the criteria for exclusion
were met by only one ear. The data from such examinations have been retained only
for study of significant threshold shifts, noise exposure and activities.

RELIABILITY

The otological history of the Fels participants is highly reliable because
relevent data have been obtained at 6-month intervals from birth until the physical
examinations were replaced by medical histories at 6-month intervals in mid-1975.
Health histories obtained at longer intervals may be less reliable (Ciocco and
Palmer, 1941).

Inter-and intra-observer differences are available for all measurements made
at the Fels Research Institute. The differences from the Fels Study are from
one~-third to one-half as large as these from other growth studies. For thresholds
obtained with the present audiometer, these differences are small for all frequencies
tested (Table 1) and compare favorably with those reported earlier in this study
(Roche et al., 1979) and with similar data reported by others. The inter-observer
differences tend to be smaller than the intra-observer differences, perhaps, in
part, due to longer intervals between the latter.

Stature, weight and blood pressure measurements are highly accurate. Mean
inter- observerdifferences for stature are about 0.2 cm, for weight about 0.02 kg
and for blood pressure 3 to 6 mm Hg for children 5 to 20 years of age (Chumlea
and Roche unpublishted). These means with their standard deviations and sample
sizes are presented in Table 2. In addition mean inter-observer differences for
replicate assessments of RWT skeletal age at the Fels Research Institute are
0.17 years (S.D. 0.21 years).

DATA ANALYSIS

Only a minimal amount of computer programming was necessary under this
contract. This programming was needed to facilitate d.ta management, 6! e.,6data
entry, constructing data files, etc. All data analysis has been accomplished
using preprogrammed statistical analysis packages. The primary package used was
SAS (Helevig and Council, 1979) which is available on the IBM 370 con, . ~=r at the
Wright State University Computer Center.
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q TABLE 1 - REPLICABILITY OF AUDTTORY THRESHOLDS (dB) 4
IN THE FELS STUDY )

, Frequency Mean S.D.
) Intra-observer differences (n = 20) ]
S .5 kHz 2.60 2.35 - —g-
! 1.0 kHz 3.90 3.64
: 2.0 kHz 3.30 2.70
3 4.0 kHz 4.90 4.13 .
F 6.0 kHz 5.10 €.47 ]
» )
3 - g
:‘ Inter-observer differences (n = 30)
2 .5 kHz 2.80 2.08
1 1.0 kHz 3.33 3.17 ‘
2.0 kHz 3.60 2.43 .
; 4.0 kHz 3.33 3.08 - e
L 6.0 kHz 6.53 4.75 )
F .
..‘4
1
TABLE 2 - INTER-OBSERVER DIFFERENCES IN THE FEL35 STUDY
5-10 years 10-15 years 15-20 years 0‘:
Variable Mean S.D. N Mean S.D. N Mean S.D. N '
Stature (cm) 0.24 ©0.21 151 0.20 0.20 210 0.23 0.24 91 .:
Weight (kg) 0.01 0.03 151 0.02 0.04 209 0.02 0.04 90
SBP (mm Hg) 3.44 3.70 146 3.74 5.35 208 3.55 3.72 91
DBP, 4th (mm Hg) 3.66 4.87 129 6.39 3.93 185 3.33 3.69 86
v
DBP, 5th (mm Hg) 3.72 4.16 145 4.19 5.20 208 4.11 4.97 91
SBP = systolic blood pressure; DBP = diastolic blood pressure. ) .
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DATA BASE

L(ﬂ A total of 1964 audiometric examinations were made between 12 August
r . 1975 and 15 April 1981. Because of initial equipment difficulties, the '_.4
- only auditory threshold data included in the present analyses are those ’
’ obtained after 26 January 1976. Nevertheless, the data from the noise
exposure histories, interval questionnaires, health histories, and otological
inspections from 12 August 1975 have been included in the analyses. The
: number of children in each age group is fairly uniform except for the L
*!! larger numbers at 13 to 18 years (Figure 1) due to the addition of local M 2
school children to the Fels sample in this age range. The distribution |
of children at each age is almost evenly divided between the sexes. The
distribution of the participants by number of examinations (Figure 2)
show that the groups with 10 or 11 serial examinations are larger than ]

p

3

b the others. j
A
3

Since 26 January 1976, there have been 1782 examinations of 278
individuals from 4 to 26 years of age. Among these examinations, 905
are of boys and 877 are of girls. The data subsequent to 26 January 1976
come from examinations of 231 Fels participants and 47 local school o
children. However, the data for 9 participants have been excluded from j
all analyses because of various permanent pathologies. The data recorded @
at 52 examinations for other participants have been excluded from the
analyses because an abnormal tympanogram or abnormal otoscopic findings
were recorded at these examinations. The criterion for the tympanogram
exclusions was a pressure of less than -150 mmHy0 or a value of less
than 0.25 millimhos or both. The criterion for exclusion on the basis of
otoscopic findings was a completely obstructed meatus.

o

Audiometric examinations of participants are made six monthly,
approximately on birthdays and "half-birthdays." Therefore, in the
findings from the analyses, an age, for example, "6 years'", refers to
all those children measured on or about their sixth birthday (i.e.,
children between 5.75 and 6.24 years of age).

TESTING CONTINUITY AND PARIICIPANT RESPONSES

Continuity and completeness of all testing procedures and the
quality of participant responses were evaluated by the technician at each
examination. The findings regarding these aspects of the air conduction
(AC) auditory threshold testing are included in Table 2. The definition
of the rating codes for continuity of testing and quality of responses 1
are given in the footnotes to Table 3. The prevalences of each score
for boys and girls of two age groups (6 to 11 years; 12 to 18 years)
are derived from all examinations since August, 1975. Complete test
data were obtained in about 92 percent of those aged 6 to 11 years and L A
in about 97 percent of those aged 12 to 17 years. '

Continuity - Sixty-two percent of the younger boys completed the
AC threshold testing without interruption (score = 0), while 83 percent
X
1
. 38 ;
o o




F—-. -
N - N
3
10 _
BOYS
100
90 | ;
80 ]
- 0
3 £ 70|
\ : B
Z 60 ]
' < 50
w
S 40
[ 4
W 30 .
= = - g
=2
! Z 20 : .t
g 10 ‘ =
o 0 :
- § 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20 21 22 23 24 i
. AGE IN YEARS .
.. v
s‘:'_'
&
- 10 . 4
. GIRLS : ]
100 .‘a
4
90 ]
&
§ 80 ] |
1 2
. o 70—1 A
= R
= Z 60 ®
¢ 5
s X 50 o
h w .
& 40 -]
L < : ]
. - & 30 _
- g E:
£ Z 20 A
- 10 | I
4 0 — c— }
‘ S 6 7 8 9 10 1M 12 13 14 15 16 17 18 19 20 21 22 23 24 :
AGE IN YEARS
F 4 o
Figure 1. Number of examinations of boys and girls at each age -
through 15 April 1981. 1
<
<
39 i 1
w
4




e A gma a4 Ao

v

NUMBER OF PARTICIPANTS

60_

S0,

40

30

20.

10

1 2 3 4 5 6 7 8 9 10 11 12

NUMBER OF EXAMINATIONS

Figure 2. Number of examinations per participant through 15 April 1981.

of the older boys completed the test without interruption. The corresponding
percentages for girls are 55 percent for younger girls, and 85 percent

for older girls. A short interruption in the testing between ears (score = 1)
for each sex was much more common in the younger children than in the older
children, although there was little evidence of a systematic age difference
in the frequency of interruptions during the testing of a particular ear
(scores 2 or 3). Multiple interruptions in the overall testing procedure
(score = 4) were slightly more common in the younger children than in

the older children.

There was little difference between the two age groups in the
percentage of participants who had to be retested at one or more frequencies
(score = 5), While 1 percent of the younger boys and 4 percent of the
younger girls insisted that the test be discontinued (score = 6), none
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TABLE 3 - NUMBER OF EXAMINATIONS (AND PERCENTAGES) OF CHILDREN
WITH SPECIFIC CHARACTERISTICS RATING THE CONTINUITY*

M aman aeas s meats atann

AND QUALITY OF AUDITORY THRESHOLD TESTING

BOYS GIRLS
Continuity Quality Continuity Quality
Age Rating of of
Group Code Testing Responses Testing Responses
n A n % n % n A
6-11 years
0 203 62 217 65 150 55 174 64
1 71 21 14 4 78 28 27 10
2 2 1 0 0 4 1 1 0
3 4 1 12 4 9 3 11 4
4 19 6 12 4 10 4 4 1
5 7 2 3 1 1 0 1 0
6 4 1 8 2 10 4 5 2
7 7 2 0 0 3 1 0 o
8 14 4 49 15 10 4 37 13
9 1 0 17 5 1 0 16 6
Total 332 332 276 276
12-18 years
0 352 83 297 69 383 85 324 73
1 31 7 35 8 2} 5 40 9
2 8 2 0 0 8 2 2 0
3 7 2 11 3 9 2 18 4
4 9 2 3 1 7 2 1 0
5 9 2 1 0 10 2 0 0
6 0 0 16 4 0 0 22 5
7 1 0 0 0 0 0 0 0
8 8 2 63 15 9 2 40 9
9 1 0 0 0 2 0 2 0
Total 426 426 449 449

* Continuity Ratings

0 = testing completed

1 = testing completed

2 = testing completed
of right ear

3 = testing completed

of left ear
4 = testing completed
comments)

S = testing completed, certain frequencies retested (see

, no breaks
, one short
, one short
, one short

, took more

written comments)
6 = testing discontinued, participant insisted (tired,

restless, etc.)
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than one break (see written

Ao b e A 3

J PPN

,

ia 4 n A A aeans . Mt

y-




T T,y T T T e WY NIRRT
r . - A R RO A S T T T

¢ FOOTNOTES CONTINUTED TO TABLE 3

7

testing discontinued, responses too erratic (lack of
cooperation, etc.)
8 = other--miscellaneous written comments

;(z + Quality Ratings
i 0 = normal good responses or better
3 1 = often signaled when no tone played
s 2 = participant disinterested, not trying hard
3 = participant's responses seemed somewhat erratic
4 = participant very restless and ''fidgety"
5 = participant talked frequently throughout test
1 6 = participant claimed to hear extraneous noises
8 during test (see written comments)
! 7 = participant's parent in booth during testing
’ 8 = other--miscellaneous written comments
‘ 9 = participant did well at the beginning but lost

t concentration toward end of test

of the older children made a corresponding request. These findings are
consistent with our earlier findings concerning a higher frequency of
incomplete examinations in children younger than 6 years old (Roche

et al., 1979).

Responses - There was little difference between the sexes in the
prevalences of good responses (score = 0), though good responses were
slightly more common among the older children than among the younger
children. From 2 to 10 percent of the children frequently gave false
responses (score = 1) during a test. This was almost as common in younger
as in older children, and about as common in boys as in girls. Erratic
responses, talking, disinterest, and restlessness of participants during
the testing of AC thresholds (scores 2, 3, 4, 5, or 9) were slightly
more common in younger than in older children.

OTOLOGICAL INSPECTION

At the start of each auditory testing examination, every participant
was given an otological inspection and deviations from normality were
recorded applying codes given in Table 4. A score of zero indicates a
normal finding in each category. Tables 5 through 8 give the percentages
prevalence of each rating code for the right and left ears of boys and
girls aged 6 to 11 and 12 to 18 years. The sample represented in these
tables includes all children examined since testing commenced in August,
1975.

Tragus - There is little difference between age groups, ears or sexes

in the frequency of abnormal tragi, almost all being normal. A maximum
of 1 percent in any age group was considered "very large" (score = 1).
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Meatus - The most frequent meatal abnormalities concerned obstructions
of the external auditory canal. There is little sex or age difference in
the prevalence of obstruction of meati. When the meatus was completely
obstructed (Code 1) on one or the other code, the data for both left
and right ears were excluded from some of the analyses as detailed later.

TABLE 4 - DEFINITION OF RATING CODES USED IN OTOLOGICAL EXAMINATIONS

Item Code Definition
Tragus
0 = normal
1 = very large
8 other--miscellaneous written comments
9 = no examination
Meatus
= normal
1 = completely closed
2 = badly obstructed with wax,
dirt, hair, almost closed
3 very small or slit-like opening but unobstructed
4 = small opening badly obstructed with wax
5 = much wax, etc. in canal but not obstructed
6 = canal open but rather inflamed (very red) looking
8 = other--miscellaneous written comments
9 = no examination
Ear Drum
0 = normal
1 = perforated
2 = not seen because meatus small or obstructed
3 = scarred
8 = other--miscellaneous written comments
9 = no examination

Ear Drum, Cone of Light

0 = cone of light seen

1 = cone of light not seen (meatus too small or
obstructed)

cone of light not seen for other reasons
other--miscellaneous written comments

no examination

2
8
9
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TABLE 4 - DEFINITION OF RATING CODES USED IN OTOLOGICAL
EXAMINATIONS (CONTINUED)

Item Code ’ Definition

Ear Drum, Color

normal

very red and inflamed looking

dull

yellowish

redder than normal, but not inflamed looking
= other--miscellaneous written comments

= no examination

VoW O
[

General Health at Time of Test

normal, not ill

has "cold," but no ear problems

is congested due to "sinus allergy"
both ears "stopped up"

right ear "stopped up"

left ear "stopped up"

has ear infection, but no earache

has ear infection, with earache
other--miscellaneous written comments
not recorded

oo

)
OO~V WNDEO

won

T T
e i Pt Pt
B

A A ey

Tympanic Membrane - Only one percent of the children had a perforated
. tympanic membrane (ear drum) when examined, and a similar percentage had scarred
f drums. The most common abnormalities concern the ability to see the comne
of light reflected from the ear drum on otoscopic inspection. In about
20 percent of the inspections, the cone of light was not seen because of
occlusion of the external auditory canal. In about 18 percent of the
examinations, the cone of light was not seen for other reasons (code = 2).
Five to 8 percent of boys and girls had dull drums that lacked the luster
typical of the normal tympanic membrane. There was little difference
between the age groups in this respect. From 1 to 2 percent of the
children had red tympanic membranes, suggesting some inflammation. The prevalences
of additional comments (score = 8) indicate that many of the observed conditions

did not match the code categories.

TYMPANOMETRY

Since 14 May 1979, each participant has received a tympanometric
examination to complement the otoscopic inspection. Ninety-seven percent
of these examinations resulted in normal tympanograms including the presence
of acoustic reflexes. A normal tympanogram was defined as one in which
the peak of the pressure curve was in region 1, 2, or 3 on the Grason-
Stadler chart for middle ear analyser 1722 or between -150 to +100 mmH,0
and 0.2 to 2.5 millimhos (Figure 3). When an abnormal tympanogram was
recorded all the data from that examination for both ears were excluded fron
analyses even if the tympanogram was abnormal in one ear only.
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TABLE

5 — PERCENTAGE OF EXAMINATIONS OF CHILDREN

6 to 11 YEARS OF AGE WITH SPECIFIC CODES

ON OTOLOGICAL INSPECTIONS (LEFT EAR)1

Cone of
Code Tragus Meatus Ear Drum Light Color
_Boys
0 99 72 84 69 79
1 0 0 1 15 2
2 -~ 7 8 14 5
3 -~ 3 1 - 0
4 - 1 -- - 1
5 - 13 - - -
6 - 1 - - -
8 1 3 5 2 10
9 _o_ 0 _1 0 3
Total 100 100 100 100 100
Girls
0 100 70 78 63 70
1 0 1 0 19 1
2 - 10 13 15 6
3 - 3 0 -~ 0
4 - 2 - -- 2
5 -- 9 -- -- -
6 - 2 - -- --
8 0 3 8 3 15
9 oo 1 0 6
Total 100 100 100 100 100

lgee Table 4 for code definitions.

Based on data from 383 examinations in boys and 320

examinations in girls.
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TABLE 6 - PERCENTAGE OF EXAMINATIONS OF CHILDREN 12
TO 18 YEARS OF AGE WITH SPECIFIC CODES
ON OTOLOGICAL INSPECTIONS (LEFT EAR)l

A2t andh i SER St e S S IS i .71
p
91

Cone of
Code Tragus Meatus Ear Drum Light Color
Boys
0 99 77 84 69 74
1 1 1 0 14 2
2 - 8 8 14 8
3 - 1 0 - 0
4 -- ¢ - -- 1
5 - 10 - - ==
6 - 1 -- - -
8 0 2 7 3 12
9 I B 0 ’
Total 100 100 100 -;56_ 100
0 100 79 85 66 77
1 0 1 0 17 1
2 - 8 8 15 6
3 - 1 0 - 0
4 - 1 - - 1
5 - 7 -- - -
6 - 1 - - -
8 0 2 6 2 12
9 _0 0 1 0 3
Total 106 100 100 100 100

1See Tabie 4 for code definitions.
Based on data from 494 examinations in boys and 528
examinations in girls.
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in girls.
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o] TABLE 7 - PERCENTAGE OF EXAMINATIONS OF CHILDREN 6 o 'Jj
TO 11 YEARS OF AGE WITH SPECIFIC CODES ON
{ OTOLOGICAL INSPECTIONS (RIGHT EAR)1 ,
. 3
o Cone of -— ;
x Code Tragus Meatus Ear Drum Light Color '1
‘ 0 99 70 83 69 80 o
1 0 0 0 13 1 T
2 - 9 8 15 5 y
3 - 3 1 - 0 ]
4 - 1 - - 0 L)
5 - 13 - - --
6 -- 1 - - -
8 1 3 7 3 11 a
? 0 0 L _0 3 .
Total 100 100 100 100 100 - ;
cirls e
0 100 68 82 63 76 e
1 0 0 0 20 1 -
2 - 12 11 14 6 ';
3 - 2 0 - 0 -
4 -- 3 -- -- 1 |
5 -- 11 - -- -- .:
6 -~ 1 -- -- -~ j
8 0 3 7 3 13 »
9 o o o o 3 °.
Total 100 100 100 100 100 -
1See Table 4 for code definitions. .:

Based on data from 383 examinations in boys and 320 examinations -
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TABLE 8 - PERCENTAGE OF EXAMINATIONS OF CHILDREN 12
TO 18 YEARS OF AGE WITH SPECIFIC CODES ON

———

T

OTOLOGICAL INSPECTIONS (RIGHT EAR)1

v T —w T ¥ —x — w -~ .~

Cone of
Code Tragus Meatus Ear Drum Light Color
_Boys_
0 99 74 85 66 79
1 1 1 0 17 0
2 ~ 9 9 15 5
3 ~- 1 0 ~- 0
4 -~ 0 - - 1
5 ~- 11 - - --=
6 ~ 1 - - -
8 0 3 6 2 12
9 0 0 o LU
Total 100 100 100 100 100
Girls
0 100 76 85 66 77
1 0 2 0 18 1
2 - 9 10 13 5
3 - 1 0 - 0
4 - 1 - - 0
5 - 8 - - -
6 - 1 -- - -
8 0 2 4 3 13
9 0 o1 _o 4
Total 100 100 100 100 100

1see Table 4 for code definitions.

Based on data from 494 examinations in boys and 528

examinations in girls.
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Figure 3. The chart used for recording and classifying data from tympanometry.

The participants are questioned about their health at each examination.
If the child is younger than § vears, the parent is asked about the
child's health so that more reliable data will be obtained.
3 76 percent of all the participants reported normal health at the time of
the audiometric examination (Table 9).

Sixty-nine to

The most common complaint was

49

withouyt ear cowplications, except in older children whc had a

1 slightly greater prevalence of "stopped-up" ears. The written comments

¢ recorded by the technicians concern items such as "had recently been

3 swimming and had water in the ears" or "had a cold with an earache last
week but not zt present."” Also some comments indicated the child had
positive responses for'several of the general health codes. At present,
only one code can be szlectec. The coding scheme will be altered so

3 that multiple categories can be recorded wit out use of the "other"

' @ category.
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TABLE 9- PERCENTAGE OF EXAMINATIONS OF CHILDREN WITH
SPECIFIC CODES FOR GENERAL HEALTH AT EACH TEST.l

6 to 11 years 12 to 18 years

Code Boys Girls Boys Girls

0 76 76 69 70

1 11 14 14 15

2 4 3 6 4

3 1 0 3 2

4 0 0 0 0

5 1 0 0 0

6 0 0 0 0

7 0 0 0 0

8 6 7 8 9

9 1 0 0 0
Total 100 100 100 100

lsee Table 4 for code definitions.
Based on data from 758 examinations of boys and 725
examinations of girls.
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AUDITORY THRESHOLDS

Examination effects. A serial design was chosen for the present
study because it was considered critical that changes within individuals
be recorded and analyzed. Such analyses are possible only if serial data
are available. However, when analyzing serial data it is necessary to
recall that there may be "examination effects" upon the data. The term
"examination effects" is used to refer to any change in the recorded
data associated with the order of the examination. Such effects might result
from the participants learning proper listening skills and how to respond to
the test stimulus, to do the :tests, from their habituation to the test
environment including the technicians, from changes in motivation with
continuing participation in the studv and alterations in noise exposure during
the study that are associated with participation. The present analyses
estimate the total examination effects on the recorded thresholds but do
not attempt to separate the effects by source. 1n addition, serial data
are autocorrelated. Consequently, only one set of data per participant,
or the mean of multiple sets, has been used in any cross-sectional analysis.

.

"Examination effects" in the Fels data, independent of age, were
analyzed for all frequencies for the first 8 examinations using a multivariate
analysis of variance for repeated measures (Bock, 1975). Data from
participants with permanent pathologies were excluded as were data recorded
at examinations when temporary pathologies were present. As is necessary
with this method, data from individuals who missed examinations were
excluded. Age at first examination was used as a factor in the between-
subjects part of the design. Although the marginal distributions of thresholds
for each examination are skewed, Bock's methodology is robust under the
assumption of multivariate normality.

This analytic method is based on the following considerations. Let
Y; be a p-component vector of observations pertaining to p occasions and
let there be n subjects. The design matrix is of order nxp and assumed
to be of full rank. The linear model assumed is Yi = Uy + €f where Y = pxl
vector of occasion means and €§ = pxl1 random vector of errors distributed N
(0,Z) in the population. Let us consider the polynomial representation of
M, the occasion means, as

— — -

[~ - [ ] [— =
M 1
1 X1 X1 X1
u = uy| = B, + B3 ] + B, 0 . + ...+ Bq .
. X x q
P P X
U 1 P
Lp_ S L - L - L. -
- X 8
Pxq qx1 °’

where X is a Vandermonde's matrix of order N x (q + 1), q being the highest
degree of the polynomial fitted. The equally spaced points permit the
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polyromial reprcsentation, as 1 =X (T~l)' T' 2 = PT'8 = PI'B = Py*
.
where T is triangular and P is the matrix of orthogonal polynomial and Y* are o
the orthogcnal polynomial coefficients. The transformed vector of occasion means
is thus p' Z—i = P“E‘Fp'gi = yky ei* and ¢ is distributed N (o, P'IP). “®
b
Thus, Y* is the p x 1 vector of transformed occasion means and its least
n
” ] - )
square estimate is the transformed sample mean y* = %- §p1!1 =Py :
- 1= ..q

A

-1.,"
and the least squares coefficients B can be computed as R = (T 7)'y*

and the corresponding estimator for the transformed error dispersion

+* _ P'(SSE)P

matrix I* = P'IP ig bX N-1 » where SSE is the estimate of

untransformed . The transformation matrix P is thus a contrast matrix

of orthogonal polynomials.

In the within-participants part of the design, frequency, examination,
and ear and their interactions were arranged in a hierarchy that gave rise
toc 60 contrasts in the P-matrix. The between-participants portion included
linear, quadratic, cubic, quartic and quintic effects of age at first
examination. The analysis is conditional in that the significant effects,
if any, are controlled for by testing for additional main effects.

There is a significant linear effect of age at first examination on
air conduction (AC) thresholds in the direction that thresholds decrease
with age. The examination effects independent of age are about 4 dB during
a sequence of 8 visits at 6-month intervals; the total effects are similar
for all frequencies tested and for each ear. The trend for 4 kHz appears
to differ from the others (especially from 2 kHz); this might have contributed
to ~he significant frequency by examination interaction (p <007). There
is nc evidence that the examination eifeccs attenuate up to the eighth
visit (Figure 4). When data for all frequencies 3re combined, the examination
effects differ by ear being larger for the right than the left (Figure 5).
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FIGURE 5 EXAMINATION EFFECTS BY EAR FOR ALL FREQUENCIES .1
COMBINED.
. L ]
An alternative analysis of examination effents has been made applying - 4
a regression approach to all the data for each ear and each frequency 1
within each sex, excluding data from participants with permanent pathologies
and data recorded when temporary pathologies were present. The latter
examinations have been included, however, to establish the order of |
examinations. Also, data rccorded after the age of 18 years were exciuded o
because of the different spacing of examinations. ) .
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The group findings are in general agreement with those from the
multivariate analysis of variance for repeated measures. The estimates
of examination effects from the regression analysis have been used to "adjust
the recorded data so that examination effects are removed and all the data
approximate those that would have been obtained at first examinations.
These regression estimates are preferred to those from the analysis of
variance because the regression method is simpler, and it makes use of all
the data except those for participants with pathological changes at the
time of an examination.

The findings are presented in Table ]y. The findings from the regression
analyses show significant linear examination effects,but there are no
significant quadratic examination effects. These linear effects do not
show significant sex or ear differences, but there are significant differences
among frequencies. The mean slopes are all negative indicating that the
observed thresholds tend to decrease with examination order for each
frequency. The rate of decrease (dB/examination) is larger for thresholds
at 6 kHz and for thresholds at 4 kHz than for those at 0.5, 1 and 2 kHz
(p<.05). However, there are no significant differences between the slopes
for thresholds at 4 and 6 kHz or among the slopes for thresholds at 0.5, 1
and 2 kHz. The standard deviations of the slopes a'¢ small but the means
are small also. Therefore, the coefficients of variability are fairly
large for thresholds at 1 and 2 kHz (30 and 35% respectively) but are 9
to 16Z for the other frequencies tested.

TABLE 10 EXAMINATION EFFECTS FROM A REGRESSION ANALYSIS POOLING DATA
FOR TWO SEXES AND THE TWO EARS FOR THE AGE RANGE 6 TO 18 YEARS

(N OF SETS = 1559)

Frequency Slope (dB/examination)
(kHz) Mean s.e,
0.5 ~-0.38 0.06

1 -0. 30 0.09
2 -0.37 0.13
4 -0.60 0.07
6 -0.72 0.07

Also the regression method was used to analyse learning effects
within 3 age groups (6.0 to 10.0 years; 10.1 to 14.0 years and 14.1
to 18.0 years). There are significant (p<.05) age effects with learning
being more rapid in the younger and older age groups (-0.54 and -0.59
dB/examination respectively) than in the 10 to 14 year group (-0.28
dB/examination). There are significant frequency x age interactions and
also significant sex x age interactions. The latter result mainly from
the large sex difference in the examination effects for the youngest
group (~0.70 dB/examination for boys; -0.38 dB/examination for girls).
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Age effects. After adjustments had been made for examination effects,
linear regressions were calculated of thresholds against age for data from
boys and girls combined. The intercepts tend to be higher for the right than
for the left ear at each frequency tested. These lateral differences are
significant only at .5 kHz. The variances of the intercepts tend to be similar
for each ear at each frequency tested except for higher variances for the
left ear at 6 kHz and for the right ear at 4 kHz (Table L1). The mean slopes
do not differ significantly between the two ears,and the variances of the
slopes are small (Table 12).

The slopes (rate of change in dB/year) for the age range 6 to 18 years
were analysed further,using analysis of variance. There are no significant
sex differences or differences between ears after the data have been adjusted
for frequency. However, there is a significant difference between frequencies
in the slopes of thresholds against age after the data have been adjusted
for sex and ear effects.

The age effects at 0.5 and 1 kHz have larger negative slopes than those
at 2, 4 and 6 kHz, indicating that the decrease in threshold levels with age
is more rapid at lower than at higher frequencies. A significant (p<.05) age
effect is apparent when the data for three age ranges (6.0 to 10.0 years;

10.1 to 14.0 years; and 14.1 to 18 years) are compared, after the data have
been adjusted for ear, sex and frequency effects. There are no differences

in slopes against age between the two younger age ranges,but the slopes for
the oldest age range show a significantly (p<.05) smaller tendency for
decreases in threshold levels with age than those of either of the two younger
age ranges.

The regressions of thresholds against age do not show significant sex
effects over all ages combined,but there are significant sex x age group
interactions. The youngest group (6.0 to 10.0 years) shows a slope of -0.36
dB/year for boys but -0.70 dB/year for girls. The corresponding values are
-0.98 dB/year for boys and -0.28 dB/year for girls in the group aged 10.1 to
14.0 years and -0.05 dB/year for boys and -0.19 dB/year for girls in the
group aged 14.1 to 18.0 years. Thus,the improvement in thresholds with age
tends to be more rapid in girls than boys from 6 to 10 years,but there is
a reverse sex difference from 10 to 14 years,and little sex difference in this
respect from 14 to 18 years. Consequently, it is not surprising that there
are significant ear x frequency interactions after possible effects of sex
and age have been removed.

There are also significant ear x age interactions, after the effects of
frequency and sex have been removed. There is little difference in these
interaction effects between ears for the older age groups (10 to 14 years vs
14 to 18 years),but for the 6 to 10 year group the interaction effects are
about -0.8 dB/year in the left ear but only -0.3 dB/year in the right ear,
indicating more improvement in thresholds with age in the left ear than
in the right ear.

There are significant frequency x age interactions, after the effects of
sex and age have been removed. The mean slopes are -0.35 dB/year for the right
ear and -0.50 dB/year for the left ear for all frequencies combined. Each
of these means is significantly different from zero (p <.05).
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Other regression analyses were made of age-related changes in thresholds
using data from first examinations only. Unfortunately, because of equipment
problems early in the study, most first examinations did not provide acceptable
measures of threshold levels. The present analyses were made of 76 sets of
data for both sexes combined (mean age 12.0 years; s.d., 3.4 years). Of
course, the thresholds recorded at these first examinations do not need
adjustments for examination effects. Distribution statistics for the thresholds
at these examinations are given in Table 13. There are no significant sex
differences; therefore,data for the two sexes have been combined.

Regression analyses of these data do not show significant sex differences
in regressions of thresholds against age, after ear and frequency effects
are removed, but there are significant age effects at each frequency after sex
and ear effects are removed. Finally, there are differences between ears in
the regressions of thresholds against age after sex and frequency effects are
removed. The mean slope against age for the right ear is ~0.60 dB/year whereas
that for the left ear is -0.39 dB/year. These findings, which are free of
examination effects, are in general agreement with those from the larger set
of data that was adjusted for estimated examination effects.

TABLE 11 MEAN INTERCEPTS (dB) FOR LINEAR REGRESSIONS OF THRESHOLDS* ON éGE FOR
BOYS AND GIRLS COMBINED, 6 TO 18 YEARS OF AGE (N = 216 CHILDRLL;
1559 EXAMINATIONS)

Frequency (kHz) Ear Mean S.D

.5 L 6.19+ 0.43
1 L 4.11 1.22
2 L 2.65 0.81
4 L 2.91 0.35
6 L 6.84 2.22

.5 R 7.67 0.21
1 R 5.98 1.54
2 R 4.03 1.17
4 R 6.14% 3.01
6 R 5.99 0.14

*all thresholds corrected for examination effects

+p < 0.175 betwecen ears
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TABLE 12 MEAN SLOPES (dB/year) FOR LINEAR REGRESSIONS OF THRESHOLDS* ON AGE
FOR BOYS AND GIRLS COMBINEL, 6 TO 18 YEARS OF AGE, BOTH EARS
COMBINED (N = 216 CHILDREN; 3118 EXAMINATIONS)

Frequency (kHz) Ear Mean S.D.
.5 R -0.59 0.03
1 R -0.52 0.08
2 R -0.36 6.00
4 R -0.31 0.27
6 R -0.26 0.11
.5 L -0.56 0.06
1 L ~C.48 0.01
2 L -0.40 0.10
4 L -0.11 0.01
6 L -0.31 0.09

*all thresholds corvected for examination effects

TABLE 13 DISTRIBUTION STATISTICS FOR THRESHOLD LEVELS (dB) AT FIRST

EXAMINATIONS (SEXES COMBINED: TOTAL N = 76)

Frequency Right Ear ~ Left Ear
(kHz) Mean S.D. Mean S.D.
0.5 2,13 6. 3G 23 6.50
1 0.63 6.02 -1.06 6.56
2 ~0.29 6.08 -2.09 6.84
4 1.42 6.34 -0.52 7.81
6 2.24 10.24 0.88 9.18

Cross-sectional statistics.

pool of data used for

any table.

The data in Tables 14 through 39 are for
children at each year of age, e.p., the data for bovs aged 10 years includes
data for boys examined between 9.75 and 10.25 years.
based on data recorded close to half-birthdays have not been included. The
data recorded near half-birthdays are consistent with those recorded near
birthdays; both types of data have been used in the analyses.
statistics, a partlcipant rontributes data from only one examination to the
However, sirce this is a serial study, data
from one person contribnte to the pocls of data for successive tables.
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The distribution statistics in these tables were obtained after excluding
data from individuals with permanent aural pathology and the data for examinations
made when temporary pathologies were present. Also, the data have been adjusted
for examination effects as described earlier. These adjustments for examination
effects were obtained from a regression analysis of data recorded from 6
through 18 years. Therefore, data recorded near but outside this range, e.g.,
5.9 years, 18.1 years, were not adjusted. Consequently, the sample sizes of
adjusted data at 6 and at 18 years are considerably smaller than those for
unadjusted data. In a later analysis, it is intended to extend the regression
analysis to the age range 5.75 through 18.25 years which will lead to the
inclusion of more sets of adjusted data for 6-year-old and 18-year-old children.

Each table includes the number of participants and the mean and median
threshold levels at each frequency tested. Comparisons between the mean and
median assist judgments as to whether the data are skewed. The standard
deviations of the mean and selected percentiles are included also. These
calculated values are given for thresholds at 0.5, 1, 2, 4 and 6 kHz.
Thresholds at 1 kHz were obtained at the beginning and at the end of the
testing for each ear; the second of each pair of thresholds at 1 kHz was used
in all analyses. Values are provided for the means of the thresholds at 0.5,
1 and 2 kHz (M512), which has been suggested as a functionally important
measure of speech reception threshold. Distribution statistics for D4, the
differences between thresholds at 1 kHz and 4 kHz (1 kHz less 4 kHz), are
given because the effects of noise are greater on thresholds at 4 kHz than
on those at 1 kHz, and this could be reflected in the D4 value.

These distribution statistics are presented for the right and left ears
and also for the better and worse ears according to AMA hearing impairment
guidelines. The thresholds for the better ear are important in the assessment
of the functional significance of the loss. However, the thresholds for the
worse ear may be a better indicator of early noise-related impairment of
hearing sensitivity. Statistical values are given for left-right differences
in thresholds and the results of tests of the significance of these differences
from zero.

General examination of these tables shows that the median thresholds for
the left and right ears are generally higher than audiometric zero, most of
them being about +2 dB until 13 years in boys and 11 years in girls, after
which the medians are near zero.

At young ages, the means and medians tend to be high (+4 to +6 dB) in
each sex at 0.5, 1 and 6 kHz, but they are from 0 to +2 dB for the other
frequencies. At the older ages, the means and medians are about -2 to 0 dB
for boys at all frequencies and for girls at 4 and 6 kHz. The corresponding
values for girls at 0.5, 1 and 2 kHz are considerably lower (-4 to -6 dB).

The standard deviations are about 5 to 10 dB and tend to decrease slightly
with age. They do not appear to differ systematically with frequency. The
differences between pairs of means and medians and the spacing between
percentiles do not indicate marked tendencies to skewness in these data. The
differences between either pairs of mean or pairs of median values for the
better and the worse ears are generally about 2 to 4 dB. The means and medians
for M512 in the right or left ear, do not show marked lateral or sex differences,
but these values tend to be positive until about 14 years in boys and 11 years
in girls after which they are close to 0 dB or have negative values. The
means and medians for D4 do not show sex differences or a clear tendency to
change with age. The means and medians for D4 are almost all negative, being
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TABLE 14 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD
EXAMINATIONS OF BOYS 6 YEARS OLD
L .4
(: 1
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- (HERTZ) M Mg A P AR SU 25 MEDIAN 7% __;.J’
! KIGHT EAR
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j M512 5 1eub 4. U 5.5/ =.h 1.0 10,0 4
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TABLE 15 -
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TABLE 16~ DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD
EXAMINATIONS OF BOYS 8 YEARS QLD

FREGWUENCY

(HERTZ) " el A e, N ol 5 MED LA
RIGH[ EAR

500 33 1.50 1759 B,04 -3.1 1.5
100y 33 Gebh 1,54 1.0/ -2.3 0.9
200y 33 3492 1,63 1,63 ~3,4 3.9
4000 33 o4 1,73 S.84 “2Ze3 2.4
6090 33 3.0h 4,19 l.5n 9,9 3.7
Mb1Z 33 Z.UU .00 S5.414 =-1,5 2.V
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109v 34 U,13 UeYu Bl g 4.4 v,!1
2000 34 -,u%H .0l Tele - ) -, 1
4000 34 l.5Y 1,40 1.21 -3.5 1.0
Uyo 34 3, on 4,640 10,21 -4.,72 3.7
M512 34 .00 1,47 Hhoh 5.0 1,0
L4 34 -1e4C 0,50 5.HY 1.7 - 1.4
BETIeR bAK
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DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD
EXAMINATIONS OF BOYS 9 YEARS OLD
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TABLE 18 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD
EXAMINATIONS OF BOYS 10 YEARS OLD

FREWHENCY

(HER 1) " bl A e OU 29 me0l1anN
KiGHl taK
S0V 3 e .11 lolu “2.4 U9
1ovy 34 “leul Uely benr! i) -f, U
AU VAY 34 1.4y 2ot /.63 -2.6 1.4
40U 34 beb e 3,91 veYu 1.6 4.9
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: TABLE 19 - DZISCRIPTIVE STATISTICS OF AUDITORY THRESHOLD
L EXAMINATIONS OF BOYS 11 YEARS OLD
: FREQUENCY
ﬁ! (HERTZ) i AR W YR it Ay Hi 25 MEDL 1A 75
) RIGHI rAR
Suu 32 Vet 3eid Flabh 3.1 U.0 %3
1V0v 3¢ lebly 3.00 lu.na VD Lol 5.6
200V 32 Zel4 2oly Ya2b 1.1 2.1 bel
4900 32 Hetn 4431 Y.11 =1l.,b 5 n,!
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TABLE 20 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD
EXAMINATIONS OF BOYS 12 YEARS OLD

FrEwtENCY

(HERT?Z) " T AVE Y ANT ol 25 AED T AN 15
KIGHT EAK

500 29 O, 10 1.13 l1.93 -3,3 Oal 4.9
1000 Y 1.94 U th e ld -d.1 1.5 3.0
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4000 29 el 7e.ttl S.0H (). b 2.3 Le9
) Y Y.l He.24 7.11 -1.7 51 9.9
M512 29 l.00 1.41 1492 .Y 1,0 3.0
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500 24 =-t,24 | VR 10.07 -4, b VIR 3.4
10v0 2